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SUMMARY  
 
Global warming can have a significant impact on the building thermal environment and 
energy performance. Because greenhouse gas concentrations are still continuing to increase, 
this warming process will continue and may accelerate. Adaptation to global warming is 
therefore emerging as one of the key requirements for buildings. This requires all the existing 
and new buildings not only to perform and operate satisfactorily in the new environment but 
also to satisfy the environmental performance criteria of sustainability. Through a parametric 
study using the building simulation technique, this paper investigates the adaptation potential 
of changing the building internal load densities to the future global warming. Case studies for 
office buildings in major Australian capital cities are presented. Based on the results of 
parametric study, possible adaptation strategies are also proposed and evaluated. 
 
INTRODUCTION 
 
Global warming can have a significant impact on the performance of buildings (Guan, 2007a). 
These include: 
• Higher building energy consumption due to higher capacity and more uses of air-
conditioning equipment;  
• Deterioration of internal thermal environment, such as more overheating problems during 
summer;  
• Shorter durability of external fabric due to increased storm, rain, flood and other weather 
conditions; 
• Structural integrity, such as more severe wind and snow loading, foundation movement;  
• Disrupted in construction process due to adverse weather condition;  
• Inadequacy of service infrastructure to cope with, for example, increased storm loads.  
 
Because greenhouse gas concentrations are still continuing to increase, this warming process 
will continue and may accelerate. Adaptation to global warming is therefore emerging as one 
of the key requirements for buildings. This requires all the existing and new buildings not 
only to perform and operate satisfactorily in the new environment but also to satisfy the 
environmental performance criteria of sustainability. In this paper, two of the key issues will 
be addressed: the first one is related to the energy use by buildings, while the another is 
regarding to the overheating hours of buildings, which affects the occupants thermal comfort. 
 
Because energy density of building internal heat sources not only directly contributes to the 
total building energy consumption, but also can have a significant effect on the building 
thermal loads which will indirectly influence the building energy use through HVAC systems, 
it has a significant impact on the overall building energy and thermal performance. In this 
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paper, adaptation potential of changes in building internal load density to the effect of global 
warming will be studied. The methodology or study approach will be first introduced. This 
includes study locations, building simulation tool, sample building model, and current and 
future weather data.  Based on the analysis of results from the parametric study, possible 
adaptive strategies will also be proposed. Their consequent effects on the reduction of both 
overheating hours and total energy use for the modelled office building will be evaluated. 
 
METHODOLOGY  
 
All eight capital cities around Australia, including Adelaide, Brisbane, Canberra, Darwin, 
Hobart, Melbourne, Perth and Sydney, are considered in this study. These capital cities not 
only possess the majority of Australian office buildings, also reflect the wide climate 
conditions of hot humid summer, warm winter (e.g. Darwin), warm humid summer, mild 
winter (e.g. Brisbane), hot dry summer with cool winter (e.g. Perth), warm summer with cool 
winter or temperate climate (e.g. Sydney, Melbourne and Adelaide) and mild to warm 
summer with cold winter or cool temperate climate (e.g. Hobart and Canberra). 
 
Building simulation tool 
The DOE-2.1E building simulation software will be employed in this study to model building 
thermal and energy behaviour. DOE-2.1E is a fully dynamic building simulation package 
developed by Lawrence Berkeley National Laboratory in the USA (Winkelmann et al, 1993). 
It has been through extensive verification process and has also been used by many countries 
for developing their national building energy codes and by many researchers for their study of 
building thermal behaviours (LBNL, 2003). DOE-2.1E is able to simulate the interactions 
between the thermal loads in the building and the thermal mass of the building structure, and 
to estimate the dry bulb temperature and heating/cooling load for individual zones of 
modelled building. 
 
Sample building model 
The sample building chosen for this study is an air-conditioned, square shape, ten storey 
office tower with a basement carpark, which was recommended by Australian Building Codes 
Board (ABCB) to represent the typical office building found in the central business district 
(CBD) of the capital cities or major regional centres in Australia (ABCB, 2001). The general 
description of building physical properties, the modelled air conditioning system in the 
hypothetical building model can be found in Guan (2006). 
 
It is noted that in order to examine the performance of an existing air conditioned building in 
future climate, the air conditioning systems in this paper have been sized using the current 
design criteria. Therefore, with potential global warming, such an office building could have 
under-sized air-conditioning systems and the building may suffer overheating in the future 
warm climate. 
 
Current and future weather data 
The approach of using single reference year weather data (i.e. Test Reference Year or TRY 
weather data), which is selected to represent the average weather patterns of multi-year 
dataset for a specific location, is adopted in this study. Based on the published climate change 
scenarios for Australia, the future hourly weather data is generated using imposed offset 
method by approximately imposing the predicted climate change data, which are generated 
from global climate change model, on top of the current TRY weather data (Guan et al, 2005). 
For Australia, the projection of years of 2030 and 2070 are often used to represent the short 
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and long term future global warming. In order to span the most likely range of possibilities 
due to the limitations of current climate prediction models and the uncertainties of future 
greenhouse gas emissions, the “Low” and “High” scenarios are also introduced to represent 
the lower and upper boundaries respectively. 
 
From the previous research, it has been found that most of the existing buildings would still 
perform satisfactorily for the year of 2030 Low and High scenarios and the year of 2070 Low 
scenario. However, for the 2070 High scenario, the modelled results indicate that all existing 
office buildings in all capital cities except for Hobart, will suffer from overheating (Guan, 
2007). Therefore, in this paper, only the two extreme cases, the current climate and the 2070 
High scenario, are studied. It is believed that the performance of other climate scenario would 
fall between these two extreme cases and can therefore be estimated based on the result 
obtained from these two extreme cases. 
  
Study cases 
The details of study scenarios for internal load density are shown in Table 1. The highlighted 
cells indicate the values that have been adopted in the base case building model, while the 
“extra-low” case shows the new values with reductions in the internal load distribution (Guan 
et al, 2005a).  
Table 1. The study scenarios of building internal load density 
Study 
scenarios 
Occupants 
(m²/person) 
Lighting 
(W/m²) 
Plug load 
(W/m²) 
Total internal load 
density (W/m²) 
extra-low 20 10 5 21.5 
medium 10 15 15 43 
 
As suggested by the ASHRAE (2001) for the moderately active office worker, the heat 
generated by human body is assumed to be 130W per person, with 75W being sensible heat 
and 55W being latent heat. 
 
RESULTS AND DISCUSSIONS 
 
Basecase results 
The results of basecase study from previous research (Guan, 2007) are listed in Table 2. The 
current climate is chosen as the reference point to show the changes of building energy and 
thermal performance under future 2070 high scenario. In particular, the column of 
overheating hours indicates the percentage increase of overheating hours under future global 
warming scenario, when the indoor temperature is predicted to be over 25°C.  
Table 2. The percentage increase of sample building performance under future 2070 
high scenario from the current climate condition. 
Location Overheating hours Cooling load Energy use 
Adelaide 8.0% 39.3% 9.8% 
Brisbane 15.7% 31.3% 11.7% 
Canberra 5.8% 47.2% 9.3% 
Darwin 35.0% 27.5% 15.1% 
Hobart 5.7% 44.7% 6.4% 
Melbourne 6.4% 44.7% 9.1% 
Perth 6.1% 31.7% 9.8% 
Sydney 19.6% 38.8% 11.6% 
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Proposed adaptation strategies 
The energy uses of office buildings are typically internal-load dominated. This is because the 
amount of energy given off by people, equipment, and lights in these buildings is usually 
considerably greater than the energy lost through the building envelope. Reducing the 
building internal load, in particular the lighting and plug load, can therefore not only result in 
direct benefit to the reduction of building operation energy, but also provide the indirect 
benefits in the reduction in the building cooling load and improvement in building thermal 
comfort environment. Based on the results from previous parametric study (Guan et al, 
2005a), following four adaptation strategies are proposed. Their effects on the performance of 
modelled office building will be evaluated through the consequent reduction in both 
overheating hours and total energy use of the building for different strategies. 
 
It is noted that for each adaptation strategy, only one particular parameter is changed, while 
all other parameters for the description of building will remain the same as the base case. 
Moreover, for each adaptation strategy, only the difference between the base case and the 
proposed strategy is shown. 
 
Adaptation strategy 1: The building total internal load density (including the contributions 
of lighting, plug load, and occupants) is reduced from the original base case of “medium” 
(43 W/m2) to “extra–low” (21.5 W/m2).  
 
Under the 2070 High climate scenario, the effect of changing from the “medium” to “extra–
low” internal load scenario, as proposed in Adaptation Strategy 1, on building energy 
performance and thermal environment is illustrated in Figure 1. It can be seen from Figure 1 
(a) that the total energy use reduction by the implementation of Adaptation Strategy 1 is very 
significant (34-40%), ranging from 89 to 120 kWh/m² per annum for the modelled office 
building. Except for Darwin, the reductions in total building energy use for other cities are 
fairly uniform at around 95 kWh/m². Throughout the temperate part of the country, local 
climate is found not to be a significant modifier. There are only about 10% of variations 
between different cities. 
 
    
 ( a ) ( b ) 
Figure 1.  The effect of using “ex-low” internal load scenario on building energy 
performance and thermal environment under 2070 High climate scenario 
 
In comparison, it can be seen from Figure 1 (b) that by implementing the Adaptation Strategy 
1, the overheating hours at Darwin can be reduced by up to 35% or 822 hours per annum from 
the original base case. Comparing the results in Figure 1 (b) with the results of basecase 
  Proceedings: The First International Conference on Building Energy and Environment  2008 
2056 
shown in Table 2, it can be seen that after this deduction, there will be no overheating 
problem for the modelled office building in all capital cities in Australia. All existing office 
buildings will perform satisfactorily in 2070 high scenario. Comparing Figures 1 (b) to 
Figures 1 (a), it can also be seen that the effect of using “extra–low” internal load scenario on 
overheating hours reduction is much more significantly influenced by the local climate than 
that of building total energy use. The cooler the place, the smaller reduction of overheating 
hours. 
  
Adaptation strategy 2: The building lighting intensity is reduced from the original base case 
of 15 W/m² to 10 W/m². This can be achieved, for example, using more energy efficient light 
tubes. 
 
    
( a )                                           ( b ) 
Figure 2.  The effect of using lower lighting load density on building energy performance and 
thermal environment under 2070 High climate scenario 
 
Under the 2070 High climate scenario, the effect of using smaller lighting intensity (being 
changed from 15 to 10 W/m²), as proposed in Adaptation Strategy 2, on building energy 
performance and thermal environment is illustrated in Figure 2. It can be seen from Figure 2 
(a) that the total energy use reduction from the base case is quite significant, ranging from 
28.5 to 29.0 kWh/m² per annum per annum for the modelled office building. It appears that 
the reduction in total building energy use is very similar throughout the country and the local 
climate is not a significant modifier to overall energy performance. 
 
In comparison, it can be seen from Figure 2 (b) that by implementing the Adaptation Strategy 
2, the overheating hours at Darwin can be reduced by up to 15.9% or 373 hours per annum 
from the original base case. This is a very significant decrease. The effect of decreasing 
lighting density at other capital cities is also quite effective, reducing overheating by around 
88 to 247 hours or 3.8-10.5% per annum. After this deduction, except for Darwin, Sydney and 
Brisbane, all other capital cities will have overheating hours well below 5% or 117 hours per 
annum. Comparing Figures 2 (b) to (a), it can be seen that the effect of using smaller lighting 
load density on overheating hours reduction is also much more significantly influenced by the 
local climate than that of building total energy use. The cooler the place, the smaller reduction 
of overheating hours for a smaller lighting load density. 
 
Adaptation strategy 3: The building plug load is reduced from the original base case of 15 
W/m² to 5 W/m². This can be achieved, for example, using more energy efficient office 
equipment. 
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Under the 2070 High climate scenario, the effect of smaller equipment load intensity (being 
changed from 15 to 5 W/m²), as proposed in Adaptation Strategy 3, on building energy 
performance and thermal environment is illustrated in Figure 3. It can be seen from Figure 3 
(a) that the total energy use reduction by the implementation of Adaptation Strategy 3 from 
the base case is quite significant, ranging from 60.6 to 61.7 kWh/m² per annum for the 
modelled office building. It also appears that the reduction in total building energy use is very 
similar throughout the country and the local climate is not a significant modifier to overall 
energy performance.  
 
    
 ( a )  ( b ) 
Figure 3.  The effect of using lower plug load intensity on building energy performance and 
thermal environment under 2070 High climate scenario 
 
In comparison, it can be seen from Figure 3 (b) that by implementing the Adaptation Strategy 
3, the overheating hours at Darwin can be reduced by up to 24.9% or 584 hours per annum 
from the original base case. This is a very significant decrease. The effect of decreasing the 
building plug load at other capital cities is also quite effective, reducing overheating by 
around 141 to 393 hours or 6.0-16.7% per annum. After this deduction, except for the Darwin, 
all the other capital cities will have overheating hours well below 5% or 117 hours per annum. 
Comparing Figures 3 (b) to (a), it can be seen that the effect of using smaller plug load 
density on overheating hours reduction is also much more significantly influenced by the 
local climate than that of building total energy use. The cooler the place, the smaller reduction 
of overheating hours for using smaller plug load density. 
 
Adaptation strategy 4: The building occupancy density is changed from the original base 
case of 10 to 20 m²/person. It is cautioned that different from the other proposed strategies, 
this recommendation is subject to the evaluation and satisfaction of suitable economic and 
operational criteria.  
 
Under the 2070 High climate scenario, the effect of adopting lower occupancy density (being 
changed from 10 to 20 m²/person), as proposed in Adaptation Strategy 4, on building energy 
performance and thermal environment is illustrated in Figure 4. It can be seen from Figure 4 
(a) that the total energy use reduction by the implementation of Adaptation Strategy 4 from 
base case is up to 25.2 kWh/m² per annum or 308 MWh per annum for the modelled office 
building. It can also be seen that the effect of allowing a lower occupancy density on both 
building energy performance and thermal environment varies considerably with the locations. 
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( a )                                                                             ( b ) 
Figure 4.  The effect of using lower occupant density on building energy performance and 
thermal environment under 2070 High climate scenario 
 
In comparison, it can be seen from Figure 4 (b) that by implementing the Adaptation Strategy 
4, the overheating hours at Darwin can be reduced by up to 29.7% or 697 hours per annum 
from the original base case. This is a very significant decrease. The effect of decreasing 
occupancy density at other capital cities is also quite effective, reducing overheating by 
around 63 to 364 hours or 2.7-15.5% per annum. After this deduction, except for the Darwin, 
all other capital cities will have overheating hours below 5% or 117 hours per annum. 
Comparing Figures 4 (b) to (a), it can be seen that the effect of using lower occupants density 
on both building total energy use and indoor temperature increase are strongly dependent on 
the local climate. The cooler the place, the lower rate of change for a lower occupancy density. 
A similar pattern of change can be observed between Figure 4 (a) and (b). 
 
CONCLUSION 
 
Through the study of the effect of changing the building internal load density over all the 
eight capital cities in Australia, it has been found that with a decrease of internal load density, 
the building cooling load and total energy use can be significantly reduced. In particular, it 
has been found that with the implementation of Adaptation Strategy 1, the building total 
energy use under the future 2070 high scenario can be reduced by up to 89 to 120 kWh/m² per 
annum and the overheating problem could be completely avoided and the office building will 
perform as good as at the current climate scenario. Throughout the temperate part of the 
country, local climate is also found not to be a significant modifier for the change of total 
energy use. There are only about 10% of variations between these different cities.  
 
From the analysis of the effect of individual components of internal heat sources on building 
performance (Adaptation Strategies 2 to 4), it has also been found that reducing any of these 
components from the base case to “extra-low” will have significant impact on the building 
performance. Their impacts on the reductions of overheating hours are also dependent on the 
local climate conditions. The cooler the place, the lower rate of the reduction. Except for the 
occupancy density, the impacts of reduction in lighting and plug load intensity on building 
total energy use are very similar throughout the country and the local climate is not a 
significant modifier to overall energy performance.  
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